receivers and the GPS signal is slowing down and its path is getting curved. By using an appropriate mapping function the tropospheric slant delays (STDs) are mapped to the receiver's zenith direction (de Oliveira Jr. et al., 2016) . The resulting Zenith Total Delay (ZTD) by processing GNSS data, which is caused by the tropospheric refraction, is divided into two components: 1) the hydrostatic part called Zenith Hydrostatic Delay (ZHD) and 2) the nonhydrostatic delay part called Zenith Wet Delay (ZWD) (Davis et al., 1985) or Wet Tropospheric Delay (WTD). The ZHD can be relatively easily modeled with high accuracy from surface temperature and pressure using the laws of the ideal gases. Nonetheless, the effect of the ZHD varies with local atmospheric pressure and temperature in a really predictable manner and its variation is less than 1 % in a few hours, which can be corrected with an a priori model such as Saastamoinen model (Saastamoinen, 1972) . But this is not the case for ZWD, which depends on the amount of water vapor in the atmosphere, which has the property to vary very quickly in time and space (Nistor and Buda, 2015a; Nistor and Buda, 2016c) . The ZWD also has to be estimated, because the combination of the observations cannot mitigate the effect of the delay and the only way to reduce the effect of the troposphere, is to use models and/or to estimate it from observational data.
INTRODUCTION

The
Precise Point Positioning (PPP) determination was pioneered by (Zumberge et al., 1997) where large GPS (Global Positioning System) data, needed to be processed. By using final orbits and clock data products from International GNSS Service (IGS) (Heroux et al., 2001) demonstrated that this technique can achieve centimeter level accuracy but also is able to achieve homogeneous position accuracy (Dow et al., 2009; Dixon, 2006) . By using the State Space Representation (SSR) information (e.g. IGS products) which describes each individual GNSS error, including atmospheric effects and by using the PPP method, the observations from a single dual frequency GNSS receiver can be used for precise positioning application. One of the main factors, that limit the accuracy of the Global Navigation Satellite System (GNSS) is represented by tropospheric refraction, among other sources of errors, like the ionospheric refraction, multipath and signal obstruction. The obtained coordinates on a long period of time, should be subject to time series analysis to eliminate or to account different types of noise (Nistor and Buda, 2016a; Nistor and Buda, 2016b) . While the first-order ionospheric delay can be reduced by the use of dual frequency receivers and a combination of ionospheric-free phase carrier, the delay generated by the troposphere has to be estimated. In contrast to ionospheric delay, the influence of the troposphere cannot be eliminated by using dual frequency S. Nistor and A. S The GPS signal changes the speed and the path as it travels through the atmosphere, in comparison by traveling into the vacuum. The delay caused by the tropospheric refraction can be expressed as (Leick et al., 2015) :
where δ ρ is the tropospheric delay and ( ) n s represents the refractive index as a function of the path. The zenith tropospheric delay is divided into two components: zenith hydrostatic delay (ZHD) and zenith wet delay (ZWD) or wet tropospheric delay (WTD). The total amount of tropospheric delay is a sum of the two components:
where ZTD is the zenith total delay, ZHD is the zenith hydrostatic delay and ZWD is the zenith wet delay.
The problem arises when ZTDs are mapped into slant tropospheric delay, by using the mapping functions, which can introduce significant errors in the estimation. By converting or mapping the zenith delays into slant delays, it is recommended to use accurate and proper mapping functions due to the fact that for low elevations angles (<15 degrees) the slant delay can be ten times larger than for the zenith direction (Prasad and Ruggieri, 2005) . The slant total delay (STD) is computed by using the following formula: (Boehm et al., 2006) . The core products from IGS are assured by nine IGS AC's, which are responsible for assuring final, rapid and/or ultra-rapid data products. The Associate Analysis Centers from IGS (AACs) are responsible for the "non-core" products. The IGS Analysis Center Coordinator (ACCs) retrieves each individual contribution and generates a set of combined products To obtain the position on centimeter level accuracy, it takes about 30 minutes of measurements, due to the enlarged noise of ionosphere-free combination and the existence of phase ambiguities (Bisnath and Gao, 2009; Nistor and Buda, 2015b) . In order to improve the accuracy of the determination and shorten the necessary time for integer ambiguity fixing, different approaches have been developed in recent years (Ge et al., 2008; Collins et al., 2010; Bertiger et al., 2010; Loyer et al., 2012; Li and Zhang, 2012) . This approach replaces the ionosphere-free ambiguities by wide-lane (WL) and narrow lane (NL) ambiguities with a wavelength of 86 and 11 cm respectively, in the case of GPS constellation. With the help of pseudorange observations the wide-lane ambiguity is resolved by using the MelbourneWübbena (MW) combination. Geng et al. (2011) recommended that it's necessary 10 minutes of observation for determining 90 % of wide-lane ambiguities with enough reliability. In the case of the narrow-lane, this can be resolved only after the widelane ambiguities have been fixed and the necessary time for collecting the observations in this case is around 20 minutes, due to the presence of the bias in the estimated uncalibrated phase delays (UPDs) and the short wavelength of the narrow-lane ambiguity. The time dependent UPD correction for narrow lane ambiguities presents a higher reliability than those of daily average, which leads to a higher ambiguity fixing rate (Ge et al., 2008) .
MATERIALS AND METHODS
The un-differenced observation equations for GNSS processing can be written as:
where: j is the frequency number, s refers to a given satellite, subscript k refers to the receiver, , The analyzed data is from January 2015. The processing was done using the PPP technique with the help of the Jet Propulsion Laboratory's software GIPSY/OASIS II (Zumberge et al., 1997 ). The precise ephemeris and clocks were taken from the following sources: European Space Agency (ESA), International GNSS Service (IGS) and from Jet Propulsion Laboratory (JPL). The general settings for precise point positioning determination were:
• Orbit and clock products: precise fiducial orbit and clock -from ESA, IGS and JPL. These data were the final data products.
• The wide lane phase bias information were from JPL.
• Processing was done in static mode, at 300 s interval.
• Elevation cutoff angle of 15 0 .
• Antenna phase center variation and antenna phase center offsets-igs08_1884.
• To eliminate the first order ionospheric delays, the ionospheric free phase (LC) combination and ionospheric free range (PC) were used,
• To model the effect of the second ionospheric correction, the model from International Reference Ionosphere (IRI) was applied.
• Number of iterations for ambiguity resolution: in the first stage was set to zero -no ambiguity resolution and in the second stage was set to 2.
• Tide models taken into account from IERS standards: solid Earth tide, ocean tide model and the polar tide model. • Mapping function: Vienna Mapping Functions 1 -VMF1.
that are considered the official product of IGS. Throughout the combination process the results are regarded as more robust then individual AC products. A disadvantage is that no GPS software is fully consistent with the combined IGS products. Each Analysis Center has its own strategy for obtaining the data products, where the IGS data products are a combination of each individual data products provided by the AC's and AAC's. In Table 1 the ESA and JPL analysis strategy is resumed -more information can be found at (http://acc.igs.org/reprocess2.html). The formal uncertainty of the combined orbit form the different Analysis Centers is given by:
where the j W are the AC weights, N is the number of the ACs used and j RMS is computed from the AC orbit difference by:
with ( ) 
PROCESSING AND RESULTS
Data from eight European IGS stations were processed: BUCU, BZRG, GANP, GOPE, GRAZ, PADO, PENC and WROC. the same thing appeared when using the JPL precise ephemeris and clock data -from -0.5 cm to 1.7 cm. In the case of JPL data products, the variation around the same time interval was present on stations BUCU, BZRG, GANP and WROC. This time the station GRAZ and PADO presented large variation at the beginning of processing -between the time interval 4 -5 hours. When using the IGS and ESA data products none of the stations presented a smooth variation, only in the case where we used the data products from IGS and JPL. This smooth fluctuation was present only on station GOPE excepting the data from the first five hours of processing and on station WROC from 0 -15 hours of processing. The differences between ZWD by using the IGS, ESA and JPL data products cannot be attributed to their precision, because the ZWD standard deviation is much smaller than the fluctuation itself. The ZWD's standard deviation (one sigma standard deviation) or formal errors are presented in Figure 2 for station GOPE and the results for the other stations are presented in Appendix B.
In Figure 2 the upper panel represents the standard deviation of the ZWD for station GOPE, computed by using the precise ephemeris and clock from IGS and ESA and the lower panel represents the standard deviation of the ZWD by using the data products from IGS and JPL. The solid line in both panels represents the standard deviation of the ZWD by using the data products from IGS, the dashed line from upper panel represents the standard deviation of the ZWD generated by ESA data products and the dashed line from lower panel represents the standard deviation of the ZWD by invoking the JPL precise ephemeris and clock. When analyzing the upper plot, we can observe that there is no noticeable difference between the resulted standard deviation by using IGS and ESA data products. The estimated standard deviation from IGS and ESA present an overlapping behavior during the entire period, only with very small variations especially in the beginning of the processing at the first hour. The highest variation in terms of ZWD standard deviation was for stations GOPE which presented a mean value of 2.5 mm. Although station GOPE presented the highest mean value of the ZWD standard deviation, the value of the ZWD resulted in a smoother behavior after the first five hours of processing.
• Troposphere estimation parameters: random walk set to 5 cm/sqrt(sec) and wet tropospheric gradient was set to 5 mm/sqrt(sec).
• The weighting scheme was: sqrt(sin(elevation))/sigma.
In the first stage of the study, the impact of precise ephemeris and clock from three Analysis Centers (ACs) were analyzed to monitor their effect on zenith wet delay and on their standard deviation or formal error. By using the data products from IGS, the ionospheric free phase combination (LC) and ionospheric free range combination (PC) presented the lowest values of postfit residuals and thus the best values were generated by them. Because the Zenith Wet Delay presented relatively small difference by using the precise ephemeris and clock from different ACs, we have differentiated between the obtained ZWD when we have used the IGS, ESA and JPL data products. The results are presented in Figure 1 .
In Figure 1 the line represents the difference of the Zenith Wet Delay (ZWD) between the estimated values using the precise ephemeris and clock from IGS and ESA -the left part of the plot and IGS minus JPL in the right part of the plot. It can be observed from the plot that the highest difference between the estimated ZWD by using the IGS data products and ESA was on station GANP where they were between -1.2 cm and +2cm during the entire period. The results of the other stations are presented in Appendix A.
In all the cases the solution has been able to converge and the LC postfit residuals presented values from 5 to 10 mm. The highest value namely, 9.75 mm of the LC postfit residuals was calculated on station Graz. For station GANP where the ZWD presented the highest difference, the LC postfit residuals presented a value of 7.4 mm.
The maximum variation on all stations except station GOPE, appeared around the time interval 17.3 -20 hours. This variation was present around the same time on six out of a total of eight stations. The differences in ZWD by using the IGS and JPL data products, presented a smaller variation. The highest fluctuation was on station WROC with an interval value of -1.4 cm to +1.3 cm around the time interval 17.3 -20 hours from the beginning of the processing. As in the case of IGS and ESA data products, the station GANP is experiencing a large fluctuation, and
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Fig. 2
The standard deviation of the ZWD using the data products from ESA, IGS and JPL -Station GOPE.
stations. Another interesting behavior is observed on station GANP -see Figure 1 , where during the entire period there is a significant variation. In Appendix B we can notice that the ZWD standard deviation presents a relatively linear behavior, thus implying that the resulted ZWD is determined quite well. We can conclude that the variation of ZWD that can be seen in Appendix A, is directly linked to the standard deviation of the ZWD that is presented in Appendix B, where approximately during the same time interval, all the stations presented the same fluctuation in terms of ZWD standard deviation. Another important impact on ZWD determination is represented by the ambiguity resolution. The results are presented in Figure 3 for station GANP and in Appendix C for other stations.
The upper part of this figure presents the results by using the ESA data products, the middle part the results by using the IGS data products and the lower part the results by using JPL data products. The solid line represents the value of the ZWD with resolved ambiguities and the dashed line the ZWD value when no ambiguities were resolved. In the case where no ambiguity was solved, the ZWD behaves more sinuous, but in the case when the ambiguity was resolved the behavior of ZWD presents sudden changes over the course. The station GANP presents the most unusual behavior with sudden changes especially between the time interval 15 and 21 hours when using the IGS data products, we notice that the solved and unresolved ambiguities, in the case when the ZWD is computed, there is a tendency of going opposite directions.
In the case where the ESA data products were used, stations PADO and GANP presented the highest difference -around 6 mm between the solved and unresolved ambiguity -see Appendix C, where the used ESA data products are in the left part of the plot, the IGS data products in its center and its right part Returning to Figure 1 and analyzing the data from Appendix B, where the results by using the IGS and ESA data products are presented in the left part of the plot and IGS and JPL data products in the right part of the plot, we can observe that the variation of approximately 2.7 cm of the ZWD on station WROC from Figure 1 , cannot be attributed to the ZWD formal error, because the level of the uncertainty presents a mean value of around 2.3 mm, excluding the first hour of processing. Very small differences appear on stations BUCU, GOPE, GRAZ and PENC which are presented in Appendix B. In these stations, it can be seen that the solid line doesn't overlap perfectly the dashed line.
If we analyze the plot from Appendix B, the right part of the plot, where we have used the data products from IGS and JPL, it can be observed that compared to the left part of the plot, the dashed and solid line don't overlap perfectly on neither of the stations. Regarding the standard deviation generated by JPL compared to the IGS -we can notice a small bias when referring to JPL data products, thus it can be a result of the software developed by an individual AC. Another issue is that the IGS products are not fully consistent with the specific GPS software -in our case GIPSY software.
Compared to the left part of the plot, the right part of the plot presents more noticeable differences, namely the highest difference on the ZWD standard deviation generated by the IGS and JPL data products was about 0.2 mm, which can be seen on station BUCU around 15 hours from the beginning of processing. The highest level of the uncertainty was on all stations in the first hour of processing, which can be attributed to the necessary time for resolving the ambiguity term. Thus the station GOPE presented the highest ZWD standard deviation of 3.87 mm. Also, at the end of the processing time it can be observed an increase of the standard deviation on all the results by using the JPL data products. Although the ambiguity resolution in the case of PPP needed some time -30 minutes or more, the ZWD doesn't present high variations at the start of the processing. In the case of stations BZRG, GRAZ and WROC there is a tendency of the same behavior in the first eight hours of processing. They are in agreement at the level of 2-3 mm and no sudden spikes are present (see Appendix C). This type of behavior can be seen on stations BUCU and GOPE, but this time for the first station, is between the time interval 14 to 18 hours and for the second one between the time interval 17 to 21 hours. In the case of station WROC the same behavior remains during the whole 24 hours period. This type of behavior can be seen on stations BZRG, PADO and PENC but on a smaller scale. It can be seen that the ZWD for all stations except the IGS data products, at the end of the processing -especially the last hour of processing, tends to "touch", in both cases: resolved and no ambiguities resolved. The largest difference at the end of processing was 4 mm in the case of stations BUCU and GOPE. The rest of the stations presented a difference of around 1 mm. We can notice that this sudden change appears on the same time period and it is not necessary to relate it to meteorological conditions. Only on station WROC the highest amount of rainfall -around 16 mm/square meter was experienced. The other stations influenced by rainfall were GANP and PENC. On the other stations during the processing period no rainfall was recorded.
In the case of IGS precise ephemeris and clock data, the highest difference of ZWD was recorded on station GANP -around 15 mm, between the solved and unresolved ambiguity. In this case, where IGS data products were used, compared to the ESA data products, stations BZRG, GRAZ and WROC in terms of ZWD present higher differences during the same period, except station WROC in which the trend of the ZWD between the two solutions, perform the same during the whole period. At the same time, the station BZRG presents noticeable spikes and changes of tendency unlike the station GRAZ, where during the whole period there are only small variations. The overlapping behavior of the ZWD at the beginning of processing can be seen on stations GRAZ, PADO and WROC. A large difference in ZWD which was computed by solving and unresolving the ambiguity, at the start of the processing for stations BUCU, GANP, GOPE and PENC resulted a difference of 15 mm. At the end of the processing, the stations GOPE, PENC and WROC present a ZWD that tends to be the same, but the ZWD for the stations BUCU, BZRG, GANP, GRAZ and PADO tends to go in opposite directions. By applying a linear regression for all stations, when the ambiguities were resolved, the determined ZWD presented a higher value than when no ambiguities were resolved. For almost all the stations the solid line is above the dashed line.
When using the JPL data products, the highest ZWD difference was on station PADO -around 4 mm between the solved and unresolved ambiguities. Another station that presented a higher variation is the Fig. 3 The impact of the ambiguity resolution on Zenith Wet Delay -Station GANP.
station GANP, but only for a relatively short periodapproximately one hour, from 18 till 19 hours. In the case of precise ephemeris and clock data from JPL, the computed ZWD when the ambiguity was resolved, overlaps the computed ZWD when no ambiguity was solved during the entire processing time on all the stations. Station BUCU only at the beginning and at the end of the processing presented a small difference of the computed ZWD between the solved and unsolved ambiguity and for the rest of the processing time the two solutions mentioned before were the same. This type of the behavior was also present on the station GANP and the rest of the stations presented the maximum difference of 2 mm. Also the trend of the ZWD on station GANP is almost the same during the remaining period, presenting variations at the beginning and at the end of the processing.
DISCUSSION
All the stations except station WROC, in the case of IGS data products, the ambiguity resolution generates a "spiky" behavior of ZWD compared to the data where no ambiguity was resolved. In the case of station GANP the ambiguity resolution doesn't create only a "spiky" behavior, but also has a tendency of going opposite directions, especially between the time interval 7 to 13 hours from the beginning of processing. The estimated ZWD where the ambiguity resolution was solved presented the highest variations on all the stations, in the case where the IGS data products were used. This "spiky" behavior and the large variations in the case of using IGS data products
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211 ephemeris and clock, the behavior tends to be the same in all the stations. The importance of the data products and ambiguity resolution is reflected also in the coordinate's estimation among other parameters. The differences in Up component for station GANP are presented in Table 2 .
The highest difference in Up component was in the case when the ambiguities were solved, between the results generated by using the IGS and JPL data products, resulted a value of -21 mm. In the case of JPL and ESA data products where the strategy of obtaining the precise orbits and clock data is similar, the difference on Up component is the lowest. When the ambiguities weren't solved, the highest difference is observed in the case of JPL and ESA data products, but compared to the results when the ambiguity was solved, the value +5 mm is the lowest. It seems that the constraint generated for solving the ambiguities by using the wide lane phase bias which is a product of JPL, created a variation on Up component.
In Table 3 the difference on Up component for station GANP between the solved ambiguities and no ambiguities are summarized for the ESA, IGS and JPL data products.
From the results it can be seen that the strategy of obtaining the data products together with using the software developed by the same Analysis Center, can lead to more consistent results.
CONCLUSION
The effect on ZWD generated by the use of data products from different Analysis Centers and ambiguity resolution was assessed through a comparative analysis between different IGS stations. It can be seen, that precise ephemeris and clock information from different AC's influence the determination of ZWD for the same GPS station. The influence of data products from ESA, IGS and JPL was studied in the first part of this paper in which the ambiguities were resolved. The maximum difference of the ZWD was 3 cm, when the IGS and ESA data products were used and appeared in station GANP. The other stations presented a difference in ZWD around 2 cm when using ESA, IGS and JPL data products. This difference appeared around 15 hours from the beginning of the processing. Another influence on ZWD determination is created by the ambiguity resolution. In this case, the station GANP presented the highest difference, but also the high variation on ZWD during the whole processing period. The integer ambiguity resolution (AR) in PPP is more complicated and complex problem compared to double difference processing. It is much more sensitive regarding the quality of used products and their correct interpretation. Therefore, AR in the PPP has to be done very carefully; otherwise ambiguity fixed solution can be worse than float solution in some cases. In light of the presented results it is recommended that not only the ambiguity resolution can be considered an important factor of determining the ZWD but also the precise ephemeris and clock data products have to be taken carefully into attention.
can be attributed to the fact that the IGS data products are a combination of data products from nine different Analysis Centers with different strategies: combining both undifferenced carrier phases and pseudoranges with doubly differenced observation modelling strategy. In the case of the used software the data products from IGS is not fully consistent with the software strategy. It seems that by using the ESA data products, which are obtained by using the undifferenced carrier phase's modelling strategy, the effect of "spiky" behavior and large variations are reduced.
Comparing the ZWD, with and without ambiguity resolution using ESA at the beginning of the processing, the ZWD is much closer for five of the stations: BUCU, BZRG, GANP, GOPE and PENC. In the case of IGS data products the ZWD for the stations GRAZ, PADO and WROC almost overlapped at the beginning then the ZWD resulted by using ESA precise ephemeris and clock.
In the case of JPL data products the difference in ZWD generated by the ambiguity resolution wasn't noticeable in any of the stations. Comparing the trend of the ZWD during the entire processing time with the results by using the IGS and ESA data products it can be seen that, the JPL data products don't create noticeable differences on ZWD when the ambiguity resolution is solved. Also, this is the only case when the ambiguity resolution doesn't create a "spiky" behavior of the ZWD. This type of behavior, especially generated by the IGS data products can be a result of the fact that the satellite clock combination is disregarding the integer-preserving characteristics of the clock products. In the case of the individual AC, the solutions provided by them are integer clocks data. The IGS data products are considered robust solutions compared to the individual AC solution, due to the possibility of undetected outliers in the individual solution. Another aspect is the hardware delays within GPS measurements, which have to be correctly handled for a reliable Precise Point Positioning Ambiguity Resolution (PPP-AR), but also it is necessary to take into account the AC specific modelling, which is critical to ensure the integer nature of the carrier-phase ambiguity. The different standards adopted by each individual ACs for modelling the yaw manoeuvers during orbit noon and orbit midnight which represents a potential factor for influencing the results, which have to be investigated. Also the ambiguities were resolved by using the JPL's wide lane phase bias, which create the effect of consistency between the data products and software. This effect is called the "software bias" which is the tendency of a given software to perform better when using its own products. The problem is that a potential bias of an individual AC can be absorbed into carrier phase ambiguity.
In all the cases the data products from ESA, IGS and JPL, the ambiguity resolutions in all the stations presented a higher value of the ZWD. The "spiky" behavior of the ZWD in the case when the ambiguity was solved, showed itself for the data products from ESA and IGS, but in the case of the JPL precise We should also take into account the strategy used for obtaining the data products: undifferenced carrier phases, doubly differenced modelling or a combination of undifferenced carrier phases plus doubly differenced strategy.
